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MP-AzeFlu is composed of 137 µg azelastine HCI and 50 µg fluticasone propionate per spray. Abbreviation: ITT, intent-to-treat population.
carbon dioxide, increased plant productivity, and increases in airborne pollen may account in part for the increased prevalence. 4 Under experimental conditions, it was shown that doubling the concentration of carbon dioxide in a controlled atmosphere resulted in a 61% increase in ragweed pollen production. 5 Shifts in the timing of allergy seasons due to climate change have resulted in increased peak pollen concentrations and annual pollen levels in Europe and the US, with the most widely documented expansion seen with the Juniperus species across the Central Plains and the southwest and western US. 4 Across the continental US from 2001 to 2010, the average peak pollen counts and the average daily pollen counts increased by 42% and 46%, respectively. 6 Regardless of the cause, the potential impact of climate change should be included in future assessments of the overall health burden of AR. 7 There has been a well-recognized need for new therapies to effectively treat seasonal allergies, especially for patients with more severe disease. 8 Despite the available therapies, prior to the introduction of MP-AzeFlu, large-scale longitudinal surveys of allergy sufferers have identified a continuing unmet need for treatments that provide rapid and sustained relief of AR symptoms and interventions that improve the overall quality of life of these patients. 8, 9 The clinical trial program for approval of a novel intranasal formulation of azelastine HCl (AZE, an antihistamine) 137 µg and fluticasone propionate (FP, a corticosteroid) 50 µg in a single spray (MP-AzeFlu, Dymista®; Meda Pharmaceuticals Inc., Somerset, NJ, USA) is summarized in this review. Clinical efficacy studies of MP-AzeFlu involving >4,000 patients were performed during a 20-month period in the US during the spring, 10 summer, fall, 11 and Texas mountain cedar allergy seasons in different geographical regions across the US. 12, 13 Clinical studies ]) included males and females aged 12 years and older with a 2-year history of seasonal allergies and a positive skin prick test to a local seasonal allergen within the past year. Based on the study entry criteria, the qualified patients had moderate-to-severe SAR. The studies were randomized, double-blind, parallel-group, placebo-controlled, 2-week, multicenter trials conducted in the US, with study sites distributed so that all major US geographic regions and the prevalent pollens within those regions would be represented.
In study MP 4001, MP-AzeFlu was compared to commercially available AZE (Astelin; Meda Pharmaceuticals Inc.) and FP (Roxane Laboratories, Columbus, OH, USA), whereas in all other studies, MP-AzeFlu was compared to a noncommercially available AZE and FP. In these studies, the monotherapy comparators were reformulated in the same vehicle and delivery device as MP-AzeFlu.
The MP-AzeFlu clinical studies were conducted according to the guidelines and recommendations of both the US Food and Drug Administration and European Medicines Agency, and all efforts were made to ensure the safety of the patients in the studies. 14, 15 All the patients (or guardians) signed written informed consent before entering the study.
In all these SAR studies, efficacy was determined by the US Food and Drug Administration-and European Medicines Agency-specified primary efficacy end point: the change from baseline in patient-reported symptom severity based on the 12-hour reflective total nasal symptom score (rTNSS). Patients recorded their symptom scores in diaries twice daily, in the morning and again in the evening, each day of the 2-week study. Symptoms were scored on a 4-point scale, with 0 being symptom free, 1 being mild symptoms, 2 being moderate symptoms, and 3 being severe symptoms, so that 24 was the maximum daily score. A summary of the primary efficacy outcome in each of the SAR studies is shown in Table 2 . A placebo-subtracted comparison of the differences between active treatment groups in each study is shown in Figure 1 .
Other evaluations of efficacy included the change from baseline in: 1) total ocular symptom score (TOSS) with symptoms of watery eyes, itchy eyes, and red eyes; 2) time to onset of action; 3) individual nasal and ocular symptom scores; and 4) health-related quality of life using the Rhinoconjunctivitis Quality of Life Questionnaire (RQLQ). 16 Journal of Asthma and Allergy 2016:9 submit your manuscript | www.dovepress.com
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Efficacy of MP-AzeFlu across different allergy seasons During the 14-day study period, MP-AzeFlu reduced the rTNSS by 5.3 points from a baseline symptom score of 18.6. This reduction in symptom severity was statistically significant (P<0.001) compared to both active monotherapies ( Table 2 ). As shown in Table 3 , MP-AzeFlu significantly (P<0.05) improved the individual symptoms of nasal congestion, itchy nose, and sneezing compared to AZE, FP, and placebo. Runny nose was significantly (P<0.01) improved compared to AZE and placebo. MP-AzeFlu significantly improved the overall TOSS compared with FP and placebo.
MP-AzeFlu improved all individual ocular symptoms compared to AZE, FP, and placebo with the exception of watery eyes when compared to AZE. All active treatments resulted in significant (P<0.001) improvements from baseline in the RQLQ score. A clinically important change (defined as >0.5 units) relative to placebo was only achieved in the MP-AzeFlu group.
Spring study (MP 4002)
In study MP 4002, 10 MP-AzeFlu was compared with the reformulated AZE and FP and placebo. As shown in Table 2 , for the primary efficacy variable, the improvement in the rTNSS of 5.5 points from a baseline of 18.3 with MP-AzeFlu was statistically significant compared to both reformulated FP (P=0.034) and AZE (P=0.002).
MP-AzeFlu significantly (P≤0.015) improved all individual symptoms of the rTNSS compared to placebo and reformulated AZE and significantly (P≤0.043) improved runny nose compared to reformulated FP (Table 3) . MPAzeFlu significantly (P<0.0001) improved the TOSS compared to placebo. Patients treated with MP-AzeFlu had statistical (P<0.001) and clinical improvement in the RQLQ score compared to placebo (P<0.001) and AZE (P=0.029).
Fall study (MP 4004)
In the fall study, 10, 11 the improvement in the rTNSS from baseline in the MP-AzeFlu group (5.6 points) was statistically significant (Table 2 ) compared to reformulated FP (P=0.038) and AZE (P=0.032). MP-AzeFlu significantly (P≤0.05) improved all the individual symptoms of the rTNSS compared to placebo with significantly (P≤0.05) greater improvement in nasal congestion and sneezing compared to reformulated FP and significantly (P≤0.029) greater improvement in nasal congestion than reformulated AZE (Table 3) .
In a 4-hour in-office onset of action assessment following the first dose of study medication, MP-AzeFlu had a rapid onset of action within 30 minutes compared to placebo. 11 All active treatments significantly (P<0.05) improved the TOSS 
Texas mountain cedar study (MP 4001)
Study MP 4001 was designed using commercially available AZE and FP as the active-control monotherapies. 12, 13 This design is in contrast to studies MP 4002, MP 4004, and MP 4006 in which MP-AzeFlu was reformulated and therefore not compared to commercially available monotherapy comparators. 
Spring to fall study (MP 4006)
Study MP 4006 was a large multicenter study initiated during the spring allergy season and conducted through the summer to the beginning of the fall season. 10 The results for all primary and secondary efficacy assessments in this study were similar to the results of studies MP 4002 and MP 4004. MP-AzeFlu significantly (P<0.001) improved the rTNSS compared to FP (P=0.029), AZE (P=0.016), and placebo (Table 2) . MPAzeFlu improved all individual rTNSS symptoms compared to placebo (P<0.05), and demonstrated significant improvement compared to FP in sneezing (P≤0.026) and to AZE in congestion, rhinorrhea, and sneezing (P≤0.026). RQLQ scores and TOSS were also significantly (P≤0.002) improved with MP-AzeFlu compared to placebo (Table 3) .
Safety
Safety from studies MP 4001, MP 4002, MP 4004, and MP 4006
A total of 4,022 patients were evaluated for safety and tolerability in the 2-week studies MP 4001, MP 4002, MP 4004, and MP 4006, and >94% of the patients in each treatment group completed the full duration of the study period. In all the studies, the incidence and types of adverse events were similar across the active treatment groups ( Table 4) . The majority of all adverse events were considered mild in severity and unrelated to treatment. The most frequently reported adverse events with MP-Flu were dysgeusia (bitter taste) and epistaxis. These events, in particular dysgeusia, were mostly mild and transient in nature. The incidence of epistaxis with MP-AzeFlu was similar to that with placebo. The reasons that patients dropped out of the studies varied widely among the participants; however, there were no dropouts due to serious or unexpected adverse events. 
Post hoc efficacy analyses
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Efficacy of MP-AzeFlu across different allergy seasons relevant endpoints included: 1) the percentage of patients achieving a 50% reduction in symptom scores and the time to reach this degree of improvement; 2) the percentage of patients with complete or near-complete symptom relief (no more than a single point remaining in any symptom); 3) response by disease severity; and 4) an analysis of a combined nasal and ocular symptom score.
Post hoc analyses of studies MP 4002, MP 4004, and MP 4006 were included in the work by Carr et al 10 that showed that more patients treated with MP-AzeFlu had a 50% improvement in nasal symptoms compared to reformulated AZE and FP and achieved this improvement up to 3 days sooner compared to FP and up to 5 days sooner compared to AZE (Figure 2A ). More patients treated with MP-AzeFlu (12.4%) had complete or near-complete relief of symptoms and experienced this relief 5-7 days sooner than patients treated with reformulated AZE (7.1%) or FP (9.3%; Figure 2B) .
A similar analysis of the data from the Texas mountain cedar study 13 also showed that more patients treated with MP-AzeFlu had a 50% improvement and achieved this improvement up to 6 days faster than with the commercially available AZE and FP alone ( Figure 3A) . More patients treated with MP-AzeFlu (17.8%, one in six) had complete or near-complete symptom relief compared to FP (9.2%) and AZE (8.3%). MP-AzeFlu patients achieved this level of improvement up to 8 days faster than FP (P=0.026) and 7 days faster than AZE (P=0.015). Overall, MP-AzeFlu was superior to placebo in improving the rTNSS for all patient types regardless of which individual symptom was the most prominent in their particular complex of symptoms. In a subset of patients with moderate-to-severe ocular symptoms, MP-AzeFlu was significantly better than FP (P=0.0012) and AZE (P=0.0456) alone. In addition, when nasal and ocular symptoms were combined into a composite total score, there was more than a two-fold improvement with MP-AzeFlu compared to commercially available AZE (P=0.0004) or FP (P=0.0013) ( Figure 3B ).
Discussion
Prevailing pollens and allergen sensitivity patterns differ across the US from season to season and year to year. With such wide regional and geographical variances, a new or 
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Efficacy of MP-AzeFlu across different allergy seasons existing AR treatment should show consistent effect regardless of the season or prevailing pollen. MP-AzeFlu's clinical development program represented the largest head-to-head direct comparison of active treatments carried out in AR to date. 10 Furthermore, these studies were carried out during different times of year, during different pollen seasons, and in many centers, with a broad geographical spread across the US.
Seasonal allergies are caused by a variety of plant pollens, with the most common sources being grasses, trees, and weeds. Tree and grass pollens predominate in the spring and summer in most areas of the US, whereas weeds, in particular ragweed, are the most prevalent fall pollens. 17 In addition, areas of south central Texas and parts of Oklahoma, Missouri, and Arkansas have an abundance of pollen from cedar plants (Juniperus ashei) during the winter months. 18 In many parts of the US, in particular southern tier states, seasonal allergens can be prevalent year-round, compounding the problems that seasonal allergy sufferers experience. 1 Grass pollens are a major aeroallergen source worldwide. Global grass pollination patterns suggest that, in the future, subtropical grasses will increasingly contribute to the global burden of AR and asthma, in particular affecting heavily populated parts of Africa, India, Asia, Australia, and the Americas. 19 In addition, the duration of the grass allergy seasons in the US appears to be increasing. Across multiple geographical regions, the US grass pollen season varied from 34 days to 179 days, with evidence that over the past 10 years, the average duration of the pollen season is trending to be longer. 17 Ragweed pollen is the most prevalent fall pollen in the US and has one of the longest pollination seasons among the aeroallergens. 7 During a 14-year period from 1980 to 1994, two studies by the National Health and Nutrition Examination Survey conducted for the US National Center for Health Statistics identified prevalence rates of allergy to ragweed pollen more than doubling from 12.5% to 26.2% during that period. 20 In these studies, the prevalence rates for ragweed pollen allergy were highest in the Northeast (32.2%) and >22% in all US geographic regions.
Texas mountain cedar (J. ashei) is a drought-resistant shrub or small tree that is native to South Central Texas and parts of Oklahoma, Missouri, and Arkansas. Cedar pollen is unique in that pollination occurs in winter months in the US with peak pollen counts seen from mid-December to early February. 21 The highest pollen counts on record in the US have been attributed to Texas mountain cedar. 22 A study completed at the University of Texas Medical Branch at Galveston has identified the molecular structure of the cedar pollen, and the findings suggest that the unique structure of the cedar allergen may be responsible in part for the potent allergenicity. 23 The response to MP-AzeFlu was consistent across seasons for overall nasal symptom score, overall ocular symptom score, as well as for each of the individual nasal and ocular symptoms. In addition, MP-AzeFlu provided the same degree of relief regardless of season or prevailing pollen, providing confidence in response. The consistent effect on ocular symptom relief is particularly noteworthy because these ocular symptoms may have the greatest negative impact on patients' quality of life, exceeding that of nasal congestion. 24 The consistent relief provided by MP-AzeFlu for each individual nasal and ocular symptom shows that no single symptom is driving the effect but that MP-AzeFlu provides a uniform reduction in each of the most common symptoms associated with SAR. 10 In addition, many patients with SAR are also sensitive to nonallergic triggers. 25 In patients with chronic rhinitis including nonallergic rhinitis and perennial allergic rhinitis, MP-AzeFlu was shown to be effective over a 1-year period with sustained efficacy greater than that seen with FP. 26 Regardless of allergy season or prevalent pollen, MP-AzeFlu improved overall nasal symptoms of AR to a significantly greater degree than FP or AZE, the two active treatments currently recommended as the first-line AR therapy.
1 MP-AzeFlu was effective during spring allergy seasons where trees and grasses are the predominant allergens and during ragweed season in the fall. In the MP 4006 study, MP-AzeFlu effectively relieved patients' symptoms induced by allergens prevalent during summer months. In the Texas mountain cedar study, the patients showed greater improvement with MP-AzeFlu compared to the first-line active controls and placebo.
The superiority of MP-AzeFlu over AZE and FP was seen for each individual symptom of the rTNSS, and the onset of action of MP-AzeFlu was rapid, within 30 minutes. MP-AzeFlu also provided clinically important improvement in health-related quality of life. Post hoc efficacy analyses of the extent of response and time to response showed that more patients treated with MP-AzeFlu achieved greater improvements compared to patients treated with AZE or FP, and perhaps more importantly, achieved these responses significantly faster. To that extent, in an open-label, multicenter study in Germany that included 1,781 patients with AR, treatment with MP-AzeFlu resulted in higher response rates than seen in the double-blind trials. 27 The clinical benefits of MP-AzeFlu are facilitated not only by the incorporation of two active agents from different and complementary medication classes into a single spray but also 
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Prenner by characteristics of the MP-AzeFlu nasal spray formulation (eg, drug concentration, spray volume, vehicle pH, isotonicity, and osmolality). MP-AzeFlu is a thixotropic suspension. Thixotropic suspensions flow freely as liquids when stirred or shaken and return to a more viscous suspension upon standing; the suspended particles do not settle rapidly, and any sediment produced is easily and uniformly redispersed by shaking. The suspension vehicle used for MP-AzeFlu allows for the reversible conversion between a viscous liquid and a more fluid liquid. The MP-AzeFlu formulation is isotonic and therefore has no effect on the movement of fluids into or out of cells. The isotonicity is adjusted using glycerin, which may act as a transporter of the active ingredients across the nasal mucosa. In addition, glycerin is a known humectant and can provide moisture-retention capacity to the formulation. The effect of formulation on clinical efficacy has been investigated with other treatments for AR. 28 The MP-AzeFlu formulation may have contributed to the larger treatment effect observed compared with commercially available active comparators, and these overall differences in formulation may contribute to the clinical efficacy of MP-AzeFlu. 29 The studies presented in this review included SAR patients 12 years and older with moderate/severe disease treated for 14 days. Within this time frame, MP-AzeFlu was well tolerated. The number of adverse events reported by patients was low in all active groups, with dysgeusia (bitter taste) most often reported in the MP-AzeFlu and AZE groups and headache and epistaxis more commonly reported in the FP group. These events were usually mild in intensity and transitory in nature. Bitter taste is a common side effect with AZE nasal spray; however, proper administration of the nasal spray will enable retention of the medication in the nasal mucosa and reduce the potential for taste problems. 30 A longer term study was also conduced outside of the US and showed that MP-AzeFlu was well tolerated after 1 year of continuous use, with no safety signal; this would preclude its long-term use. 31 The safety of MP-AzeFlu in adults and adolescents has been comprehensively reviewed.
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Conclusion
MP-AzeFlu was statistically superior to both an intranasal antihistamine and an intranasal corticosteroid in four consecutive randomized, double-blind SAR studies conducted in different US allergy seasons. MP-AzeFlu provided clinical benefits beyond what is achieved with two currently available first-line intranasal therapies, making it the ideal treatment consideration for SAR.
